It has been well established that for optimum operation of a re-order level policy, re-order levels and replenishment order quantities should be jointly calculated. There exist many solutions to this stock control problem. A number of these involve approximations which simplify the mathematics of the problem but yield non-optimal solutions, while others raise the question of whether the additional computational effort required, due to mathematical complexity, is economically justified. This paper describes that if the lead time demand can be considered as normally distributed and lead time is constant, then it is possible to arrive at optimal values of safety stocks-consequently re-order levels-and order quantities, with minimum computational effort, through a nomogram which accomplishes a major part of the necessary computations.
INTRODUCTION IN THE re-order level policy, two parameters, namely, the re-order level and the replenishment order quantity, should be determ.ined. These quantities are often dealt with independently despite the established fact that for an optimal re-order level policy they have to be jointly calculated. 1 • 2 This is due to the fact that a joint calculation procedure yields equations which cannot be solved explicitly for the variables concerned. Numerical solutions obtained by iterative methods raise the question of whether the excessive computational effort required, owing to mathematical complexity, is justified by an overall cost saving. 3 The problem, assuming a normally distributed demand during a constant lead time, has been dealt with as follows.
Buckland 4 uses a nomogram to simplify the joint calculation of safety stock and replen.ishment order quantity, but this is based on a total cost function which does not include lost sales and integrates a restriction on back-orders.
Lewis 3 presents Tate's method which assumes that, for a given safety stock, the probability of a stock out occurring can be determined by two linear logarithmic approximations.
The criterion used in both cases is that of minimizing the total cost over some period of time.
The aforementioned approaches make approximations and yield non-optimal solutions.
Operational
The purpose of this paper is to show that if the demand in the lead time can be considered as normally distributed and lead time is constant, then the calculation of optimal values of the safety stock and order quantity can be simplified by constructing a nomogram that allows one to find easily the safety stock when the parameters of the problem are known.
THE COST FUNCTION
The general cost function includes the cost of ordering, the stock holding cost and the expected lost sales. This function, under the assumptions mentioned, takes the form:
where Chis the cost of holding one unit of stock; C 8 , the cost of being out of stock; C 0 , the cost of placing an order; D, the average total demand; Q, the replenishment order quantity; /, the lead time; aa, the standard deviation of demand per unit time; z, the standard normal deviate; andf(x) the p.d.f. of the standardized normal distribution.
It can be easily shown that:
and:
where <P(z) is the cumulative function of the normal distribution. Then, (I) can be written:
OPTIMUM Q AND z
The values Q 0 and z 0 which minimize CT are found by differentiating CT partially with respect to both Q and z and equating these partial derivatives simultaneously to zero. Ultimately we obtain:
-ch <P(z)- 
